In recent years, to protect the environment by the people all over the world has become a significant point. Green environment and sustainable development are always topic in human life. How to select an optimal green supplier is an important aspect of it. Combing with preference of the decision maker, an optimal green supplier may be obtained. Owing to the difficulty of acquiring the decision maker's preferences accurately, hesitant fuzzy set is introduced to help us construct decision making matrix. Combining attribute weight and position weight, we propose a new operator and score function to evaluate the performance of several suppliers, which is a critical step of the selection of green supplier. Finally, a case study is demonstrated to verify the reliability and applicability of the proposed method.
Introduction
With the rapid development of economy and technology, environmental sustainable development has become a new key point all over the world. Supplier selection is a key operational task for developing supply chain partnerships in sustainable development. In this topic, selection of green supplier has been granted a new meaning. Different with traditional supplier, green supplier emphasize environmental and economic tradeoffs. The tradeoffs are typically according to a variety of operational and strategic sustainable metrics. Many researches are developed to study how to select better green supplier, such as multiple attribute decision making method [1] [2] [3] [4] . Here, environmental protection issues are considered in many researches [14] [15] [16] [17] . Lee et al. (2009) applied FAHP integrated with the Delphi method for green supplier evaluation [16] . Humphreys et al. (2006) proposed the fuzzy based system for green supplier selection based on the quantitative and qualitative environmental criteria. The major benefit of this system is its computational parsimony [18] [19] .
Because there are subjective and objective assessments given by decision maker, uncertain and imprecise are the basic characteristics of decision maker's preferences. In other words, to express the decision maker's preferences accurately is difficult. Owing to this, Zadeh defined the basic concept of fuzzy sets based on the theory of fuzzy mathematics. The main characteristic of fuzzy sets is that: the membership function assigns to each element x in a universe of discourse X a membership in interval [0-1] and the non-membership degree equals one minus the membership degree. Since fuzzy set was proposed, it has been a popular method to solve imperfect and vague of decision maker's preferences [5] [6] . In 2009, Torra and Narukawa found sometimes it was difficult to give the membership or non-membership into one value and which may be caused by a doubt among a set of different values. Then, they defined hesitant fuzzy sets to handle this problem, which permits the membership into a set presented as several possible values between 0 and 1 [7] . Meanwhile, Torra (2010) developed some simple aggregation operators of hesitant fuzzy sets to aggregate the information of
The Relevant Concepts and Model
In this section, we introduce hesitant fuzzy multiple decision making methods to evaluate performance of green supplier. Based on the basic concepts of hesitant fuzzy aggregated operator and score function, we define new attribute weight and position weight to form novel operator.
Torra proposed the concept of hesitant fuzzy set which is in terms of a function when applied to a fixed set returns a sunset of [0-1]. Then, in order to easily understood, Xia and Xu [12] express the hesitant fuzzy set by mathematical symbol.
Definition 1 [13] . Let X be a universe of discourse, then a hesitant fuzzy set H over X is defined as
Where Here, hc represents the complement of the hesitant fuzzy number h. In addition, Torra [13] defined that the envelopment of a hesitant fuzzy element is an IFV. Definition 3 [13] Let h, be a hesitant fuzzy number, the IFV Aenv(h) as the envelope of h, where Aenv(h) can be defined as (h-, 1-h+), with h-= min{γ | γ  h} and h+ = max{γ | γ  h}.
(
Then, an aggregation principle for hesitant fuzzy elements is proposed by Torra and Narukawa [7] and Torra [8] . Definition 
( . Many studies have been conducted to deal with this problem. Xu and Xia suggested that we should extend the shorter one depending on the decision maker's risk preferences until both of them have the same length.
Optimists expect desirable results and should add the maximum value, while pessimists anticipate unfavorable outcomes and should add the minimal value. In addition, there are some researchers considering that the decision maker's preference is risk-neutral. Therefore, based on the decision maker's all risk preference, a new method is proposed to overcome the drawback. An extension value
is introduced to obtain the final decision results. The parameter  is used to reflect the decision maker's risk preference and is more accurately than others.
As mentioned above, according to different value of parameter , there are three special situations:
(1) if 1   , it indicates that the decision maker's risk preference is risk-seeking; (2) if 0   ,it indicates that the decision maker's risk preference is risk-averse;
, it indicates that the decision maker's risk preference is risk-neutral.
An Evaluation Model of Collaborative Performance Based on Hesitant Fuzzy Sets

Some Basic Operators Based on Hesitant Fuzzy Sets
Based on Definitions 2 to 5, Xia and Xu proposed a series of aggregation operators according to hesitant fuzzy sets.
Definition 6 [12] Let hj (j = 1, 2, …, n) be a collection of HFSs. A hesitant fuzzy weighted averaging (HFWA) operator is a mapping Hn→ H such that
where w = (w 1 , w 2, …, w n ) T is the weight vector of h j (j = 1, 2, …, n) with 0 ≤ w j ≤ 1 (j = 1, 2, ..., n) and
When w = (1/n, 1/n , …, 1/n) T , the HFWA operator reduces to the hesitant fuzzy averaging (HFA) operator:
Definition 7 [12] Let h j (j = 1, 2, …, n) be a collection of HFSs. A hesitant fuzzy weighted geometric (HFWG) operator is a mapping H n → H such that
When w = (1/n, 1/n , …, 1/n) T , the HFWG operator reduces to the hesitant fuzzy geometric (HFG) operator:
Definition 8 [12] Let h j (j = 1, 2, …, n) be a collection of HFSs. A hesitant fuzzy ordered weighted averaging (HFOWA) operator is a mapping H n → H such that
Where
all j = 2, 3, …, n and ω = (ω 1 , ω 2, …, ω n ) T is the position weight vector with 0 ≤ω j ≤ 1 (j = 1, 2, ..., n) and
When ω = (1/n, 1/n , …, 1/n) T , the HFOWA operator reduces to the hesitant fuzzy ordered averaging (HFOA) operator:
Definition 9 [12] Let h j (j = 1, 2, …, n) be a collection of HFSs. A hesitant fuzzy ordered weighted geometric (HFWG) operator is a mapping H n → H such that
where (σ(1), σ(2), …, σ(n)) is a permutation of (1, 2, …, n), such that h σ(j) ≥ h σ(j-1) for all j = 2, 3, …, n and ω = (ω 1 , ω 2, …, ω n ) T is the position weight vector with 0 ≤ ω j ≤ 1 (j = 1, 2, ..., n) and
When ω = (1/n, 1/n , …, 1/n) T , the HFOWG operator reduces to the hesitant fuzzy geometric (HFOG) operator:
A New Aggregation-Associated Operator
The determination of the reasonable attribute weights plays an important role in evaluation model. Then, we will define a new aggregation-associated weight vector combining attribute weight vector and position weight vector, which not only considers the importance of hesitant fuzzy numbers and their ordered positions, but also reflect the decision maker's preference.
Firstly, based on decision makers' preference, we define a new aggregation-associated weight vector as follows:
where λ = (λ 1 , λ 2, …, λ n ) T is the weight vector of h j (j = 1, 2, …, n) with 0 ≤ λ j ≤ 1 (j = 1, 2, ..., n) and
. The parameter θ denotes the attitude of decision maker between attribute weights and position weights.
According to Wang (2012), when a decision maker can provide subjective preferences about attribute weights, we assume that the preferences are expressed by linear inequality constraints as the following forms, for i ≠ j: , , ,
where λ = (λ 1 , λ 2, …, λ n ) T is the weight vector of h j (j = 1, 2, …, n) with 0 ≤λ j ≤ 1 (j = 1, 2, ..., n) and 
Definition 11 Let h j (j = 1, 2, …, n) be a collection of HFSs. A hesitant fuzzy aggregation-associated weighted geometric (HFAWG) operator is a mapping H n → H such that
Score Function
After aggregating hesitant fuzzy sets, a key step is to compare different assessments by score function.
Definition 12 [12] Let h be a hesitant fuzzy number. The score function of h can be obtained as follow:
Where l h denotes the number of the elements in h. Definition 13 [12] for two hesitant fuzzy number h 1 and h 2 , we have if S (h 1 ) > S(h 2 ), then h 1 is better than or preferred to h 2 , denoted by h 1 h 2 ; if S(h 1 ) = S(h 2 ), then h 1 is indifferent to h 2 , denoted by h 1 h 2 ; if S(h 1 ) < S(h 2 ), then h 1 is worse than or less preferred to h 2 , denoted by h 1 h 2 . In hesitant fuzzy evaluation model, score function is useful to compare different alternative. However, this score function may have some troubles in some situations. For example, there are three hesitant fuzzy numbers h 1 = {0.2, 0.8}, h 2 = {0.5}, h 3 = {0.3, 0.5, 0.7}, which have the same score 0.5. However, their scores cannot judge which one is the optimal choice. Therefore, we introduce the idea of variance to define a new score function to measure the deviation of hesitant fuzzy elements.
Definition 14 Let h be a HFN. The score function of h is defined as follow:
where ()  = The score function with variance can reflect the meaning of hesitant fuzzy number better. Then, we will use the new score function to compare different alternative in the assessment model of green supply coordination mechanism.
Process of Evaluation Model
In this section, we will propose a procedure to form this evaluation model based on mentioned methods, where attribute values take the form of hesitant fuzzy numbers. The procedure includes the following steps:
Step1. For a evaluation problem, we construct a decision matrix [] ij m n Hh = , where all the arguments ij h (i = 1, 2, ..., m; j = 1, 2, ..., n) are hesitant fuzzy numbers, given by the decision maker. As for every alternative i A (i = 1, 2, ..., m), the decision maker is invited to express evaluation or preference according to each attribute j C (j = 1, 2, ..., n) by a hesitant fuzzy number ij h (i = 1, 2, ..., m; j = 1, 2, ..., n). Then, based on the risk preference of decision maker, a normal decision making matrix can be obtained as follows: 
Step2. The decision maker specifies the attribute weights of the n attributes denoted as w = (w 1 , w 2, …, w n ) T with 0 ≤ w j ≤ 1 (j = 1, 2, ..., n) and , and the position weights of the n positions denoted as ω = (ω 1 , ω 2, …, ω n ) T with 0 ≤ ω j ≤ 1 (j = 1, 2, ..., n) and
. Then, based on parameter θ, aggregation-associated weights can be acquired.
Step3.The hesitant fuzzy aggregation-associated weighted averaging (HFAWA) operator denoted as Eq. (12) or the hesitant fuzzy aggregation-associated weighted geometric (HFAWG) operator denoted as Eq. (14) are introduced to aggregate the hesitant fuzzy assessments. Then, we can obtain the aggregation results of each alternative.
Step4. The new score function proposed in Definition12 is used to compare each alternative in decision making matrix. The scores of the aggregated hesitant fuzzy numbers can be calculated.
Step5. Through different scores of alternative, the rank-order can be obtained using Definition 13. Then, we can select optimal alternative by the largest score.
Step6. End.
Illustrative Example
The evaluation model of green supplier selection will be demonstrated in this section with the proposed method in this paper under hesitant fuzzy environment.
In order to verify the proposed evaluation methods in the selection of green supplier, we invite an expert as the decision maker to implement process of decision making. Four companies are selected by the decision maker as the alternatives including A 1 , A 2 , A 3 , A 4 from China. Then, the decision maker identifies four attributes denoted as C 1 , C 2 , C 3 , C 4 demonstrated in Table 1 .
Table 1. Description of the Four Attributes
Attributes
Explanation C 1 Economic benefits C 2 brand benefits C 3 environmental benefits C 4 Enterprise benefits
The decision maker gives preference of each alternative on each attribute, respectively. Therefore, a hesitant fuzzy decision matrix 44 [] ij Hh = can be illustrated in Table 2 . We suppose the decision maker is risk-neutral by interviewing with him. Then, it can be obtained that η = 1/2. Therefore, the normal decision matrix can be acquired in Table 3 . Then, the decision maker gives the attribute weights of these four attributes denoted as w = (0.3, 0.2, 0.15, 0.35) T . The position weights is obtained by some other experts, which can be as a standard denoted as ω = (0.4, 0.3, 0.2, 0.1) T . The decision maker holds that θ = 0.5.
Table 2. Original Hesitant Fuzzy Decision Matrix
A 1 A 2 A 3 A 4 C 1 {0.1,0.3} {0.
Table 3. Normal Hesitant Fuzzy Decision Matrix
Based on Definition 10, the hesitant fuzzy assessments can be aggregated through the hesitant fuzzy aggregation-associated weighted averaging (HFAWA) operator in Table 4 . The hesitant fuzzy aggregation-associated weighted geometric (HFAWG) operator also can aggregate hesitant fuzzy preference in Table 5 . Based on the new score function, it can be obtained the scores of each alternative showed in Table 6 and Table 7 . Then, the rank of this assessment problem is demonstrated as A 4 A 3 A 2 A 1 from Table 6 and Table 7 . It is easy to know that A 4 is the optimal green supplier. Although HIFEWA operator and HIFEWG operator can obtain a same rank of all alternatives, the scores are different.
Conclusion
Selecting the best supplier is a vital component of the business relationship and it is one of the most critical issues in the competitive environment. Because of the inherent vagueness of human preferences as well as the objects being fuzzy and uncertain, the attributes involved in decision making problems are not always expressed in real numbers, and some are better suited to be denoted by fuzzy values, such as hesitant fuzzy values. Therefore, we define the new operators of hesitant fuzzy sets combining attribute weights and position weights. Meanwhile, considering of variance, we propose a new score function to aggregate the assessments of different alternative on each attribute. Finally, an illustrative example is demonstrated to verify the reliability and applicability of the proposed method.
